Kaposi's sarcoma-associated herpesvirus-encoded vFLIP K13 is believed to protect virally infected cells against death receptorinduced apoptosis and to activate the NF-B pathway by binding to adaptor protein NEMO/IKK␥. However, whether K13 can also induce gene expression independently of NEMO and the minimum region of NEMO that is sufficient for supporting K13-induced NF-B remain to be delineated. Furthermore, the contribution of NEMO and NF-B to the protective effect of K13 against death receptor-induced apoptosis is not clear. We demonstrate that NEMO is required for modulation of K13-induced genes and its N-terminal 251 amino acids are sufficient for supporting K13-induced NF-B. The ability of K13 to protect against TNF-␣-induced cell death is critically dependent on its ability to interact with NEMO and activate NF-B. Our results suggest that K13-based gene therapy approaches may have utility for the treatment of patients with NEMO mutations and immunodeficiency.
T
he nuclear factor kappa light-chain enhancer of activated B cells (NF-B) transcriptional regulation system plays key roles in several biological processes, such as inflammation, apoptosis, wound healing, cellular stress responses, and angiogenesis (1-3). The NF-B transcription factor family consists of five subunits: p65 (RelA), RelB, c-Rel, NF-B1 (p105 and its cleaved product, p50), and NF-B2 (p100 and its cleaved product, p52). Any combination of two out of the five subunits can heterodimerize to form a complex to activate or inhibit expression of a number of genes (4) . NF-B essential modulator (NEMO), also known as the inhibitor of NF-B (IB) kinase gamma (IKK␥) subunit, acts as a noncatalytic scaffold protein and regulatory subunit of the IKK complex, which comprises IKK1/␣ and IKK2/␤. Together with IKK␣ and IKK␤, IKK␥/NEMO functions as a molecular switch to activate the cellular NF-B pathway (5) .
Dysregulation of NF-B activity is associated with cancer, inflammatory disorders, and autoimmune metabolic diseases (5, 6) .
Infection with Kaposi's sarcoma-associated herpesvirus (KSHV; also known as human herpesvirus 8 [HHV8]) has been associated with the development of Kaposi's sarcoma and a number of lymphoproliferative disorders, such as primary effusion lymphoma (PEL) and multicentric Castleman's disease (MCD) (7) (8) (9) . KSHV encodes a latent protein from the open reading frame K13 (ORFK13) that resembles the prodomain of caspase 8/FLICE in containing two tandem death effector domains (DEDs). Proteins with tandem DEDs have been discovered in other viruses as well and are believed to protect virally infected cells from death receptor-induced cell death by blocking the recruitment and/or activation of FLICE/caspase 8 (10) (11) (12) . Hence, these proteins are collectively referred to as viral FLICE inhibitory proteins (vFLIPs). However, we reported that K13 also possesses the unique ability to activate the NF-B pathway by interacting with an ϳ700-kDa IKK complex which consists of IKK1/IKK␣, IKK2/IKK␤, and NEMO/ IKK␥ (13, 14) . K13 uses the NF-B pathway to modulate the expression of a number of genes involved in cell proliferation, transformation, cytokine secretion, and protection against growth factor withdrawal-induced apoptosis (15) (16) (17) (18) (19) (20) (21) (22) (23) . We further reported that NEMO/IKK␥ is required for K13-induced NF-B activation (14) , and subsequent structural studies mapped the K13-interacting domain of NEMO/IKK␥ to its helical domain containing amino acid residues 196 to 252 (24) . However, the region of NEMO/IKK␥ that is sufficient to support K13-induced NF-B is not known at the present, and it is also not known whether K13 can induce gene expression independently of NEMO/IKK␥. Finally, the role of NEMO/IKK␥ and NF-B activation in the protective effect of K13 against death receptor-induced apoptosis has not been studied. In this study, we addressed these unanswered questions about the K13-NEMO/IKK␥ interaction and the role played by this interaction in K13-induced gene expression and protection against apoptosis.
MATERIALS AND METHODS
Cell lines and reagents. 293T and 293FT cells were purchased from ATCC (Manassas, VA). Wild-type (WT) and NEMO Ϫ/Y murine embryonic fibroblasts (MEFs) were obtained from Inder Verma and Richard Gaynor. Wild-type and NEMO-deficient Jurkat cells were generously provided by Shao-Cong Sun (25) , and their identity was previously independently confirmed by immunoblotting for NEMO in our laboratory (26) . 4-Hydroxytamoxifen (4OHT) was purchased from Sigma (St. Louis, MO), and tumor necrosis factor alpha (TNF-␣) was bought from Peprotech (Rocky Hill, NJ).
Plasmids and retroviral constructs. Plasmids for making humanized Gaussia luciferase (hGLuc) fusion constructs LZ-hGLuc [1] and LZhGLuc [2] were kindly provided by Stephen Michnick (Université de Montréal) (27, 28) . NEMO, IKK1, IKK2, and K13 cDNAs were fused in frame to the NH 2 -and COOH-terminal fragments of hGLuc to make the constructs NEMO-hGLuc [1] , NEMO-hGLuc [2] , NEMO(1-246)-hGLuc [2] , NEMO(247-419)-hGLuc [2] , IKK1-hGLuc [1] , IKK2-hGLuc [1] , K13-hGLuc [1] , and K13-hGLuc [2] . Plasmids encoding WT NEMO or C-terminal Flag epitope-tagged K13 and K13-ER TAM have been described previously (16, 21) . A similar approach was used to make vFLIP E8-estrogen receptor 4-hydroxytamoxifen (ER TAM ) and vFLIP HS-ER TAM constructs encoding equine herpesvirus 2 and herpesvirus saimiri vFLIPs in fusion with ER TAM , respectively. NEMO truncation mutants were generated by PCR mutagenesis with full-length NEMO as a template, followed by cloning into the MSCVpac retroviral vector (a vector carrying murine stem cell virus [MSCV] and a puromycin N-acetyltransferase resistance gene [pac] ). The MSCVhygro retroviral vector (a vector carrying MSCV and a hygromycin resistance gene) expressing Flag-tagged K13-ER TAM has been described previously (16, 21) . Recombinant retroviral vectors were generated in 293FT cells and used to generate polyclonal populations of infected cells after selection with puromycin or hygromycin, as described previously (29) .
Gene chip human array and data analysis. We used an Affymetrix human genome gene chip (HG-U133A; Affymetrix, Santa Clara, CA), an oligonucleotide probe-based gene array chip, to check the differential gene expression in Jurkat cells. After background correction, data analysis was done using the PLIER16 (probe logarithmic intensity error) algorithm and the Gene Spring GX11.0 program (Agilent Technologies, Santa Clara, CA).
Luciferase reporter assays. The plasmids encoding hGLuc fusion proteins were cotransfected in a 1:1 ratio (100 ng/well for each plasmid DNA) in 293T cells along with a pRSV/LacZ (␤-galactosidase) reporter construct (75 ng/well) as described previously (13) . At 48 h posttransfection, cells were lysed in Renilla lysis buffer (Promega), and extracts were used for the measurement of luminescence and ␤-galactosidase activities. The luciferase activity was measured with native coelenterazine (Nanolight Technology) diluted in phosphate-buffered saline at a 20 M final concentration using a Synergy H4 plate reader (BioTek). Luciferase activity was normalized relative to ␤-galactosidase activity to control for the difference in the transfection efficiency.
Western blot analysis. Western blot analysis was performed essentially as described previously (29) . The primary antibodies used in these experiments were antibodies to NEMO and IB␣ (Santa Cruz Biotechnology), phospho-IB␣ (Cell Signaling), GAPDH (glyceraldehyde-3-phosphate dehydrogenase; Ambion), and tubulin (Sigma).
NF-B binding assay. The DNA-binding activity of the p65 subunit in the nuclear extracts was measured in triplicate using an enzyme-linked immunosorbent assay (ELISA)-based NF-B DNA-binding assay, as described previously (30) .
MTS cell viability assays. MEFs were treated with TNF-␣ (10 ng/ml) for 12 h and subsequently assessed for cell viability using the MTS reagent [3-4,5-dimethylthiazol-2yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] following the manufacturer's instructions (Promega). Percent cell survival was calculated on the basis of the reading of untreated cells, which was set equal to 100%.
Real-time RT-PCR. WT and NEMO-deficient Jurkat cells expressing the vector or K13-ER TAM were treated with 4OHT for 48 h. Total RNA was extracted using an RNeasy minikit (Qiagen), and cDNA was synthesized using the reverse transcriptase enzyme SuperScript II (Invitrogen). Real-time quantitative reverse transcription-PCR (qRT-PCR) was performed with SYBR green and the gene-specific PCR primers listed in Table 1 . Samples were run in triplicate, and PCR was performed using an ABI Step One Plus thermocycler (Applied Biosystems). GAPDH was used as a housekeeping gene, and qRT-PCR data (threshold cycle [C T ] values) were analyzed using the 2 Ϫ⌬⌬CT method described earlier (30) . The qRT-PCR data are presented as the fold change in target gene expression Ϯ standard error of mean.
Statistical analyses. Two-tailed paired Student's t test was used to test for differences between two groups. Differences with a P value of Յ0.05 were considered statistically significant. All experiments were repeated a minimum of two times with duplicate or triplicate samples.
Microarray data accession number. The microarray data have been deposited with the NCBI Gene Expression Omnibus (GEO) database under accession number GSE49245.
RESULTS

NEMO is essential for induction of K13-induced genes.
We have previously demonstrated that NEMO is essential for the activation (Fig. 1A) . The fusion construct allows regulation of K13 activity at the posttranslational level in a 4OHT-dependent fashion (21) . The expression of 90 transcripts, including several known NF-B target genes, was affected more than 2-fold upon 4OHT treatment in K13-ER TAM -expressing WT cells (Fig. 1B) . The top 47 genes affected by 4OHT treatment are shown in Table  2 . In contrast, the expression of only one gene (PYGL) was significantly affected by 4OHT treatment in the K13-ER TAM -expressing NEMO-deficient cells (Fig. 1B) . To confirm the results of microarray analysis, we selected 3 genes (TNFSF10, BIRC3, and NFKB1A) that were significantly upregulated by 4OHT treatment in K13-ER TAM -expressing WT cells and used qRT-PCR to compare their expression. As shown in Fig. 1C , the expression of all 3 genes was significantly upregulated by 4OHT in K13-ER TAM -expressing WT Jurkat cells but not in those deficient in NEMO. It was conceivable that upregulation of the above-described genes was due to the effect of 4OHT on the ER TAM fusion partner rather than activation of K13-induced NF-B activity. To rule out this possibility, we took advantage of vFLIPs encoded by equine herpesvirus 2 (vFLIP E8) and herpesvirus saimiri (vFLIP HS) that resemble K13 in structure but lack the ability to activate the NF-B pathway (13) . We generated stable clones of WT Jurkat cells expressing vFLIP E8-ER TAM and vFLIP HS-ER TAM fusion constructs and confirmed their expression by Western blotting (Fig. 1D) . We next used qRT-PCR to compare the ability of the vFLIP K13-ER TAM , vFLIP E8-ER TAM , and vFLIP HS-ER TAM fusion proteins to induce the expression of the TNFSF10, BIRC3, and NFKB1A genes following treatment with 4OHT. As shown in Fig. 1E , while 4OHT significantly induced the expression of all 3 genes in Jurkat cells expressing K13-ER TAM , it failed to do so in those expressing the vFLIP E8-ER TAM and vFLIP HS-ER TAM fusion proteins. Collectively, these results demonstrate that NEMO is essential for the induction of almost all genes affected by K13 expression and that the NF-B pathway is the major pathway activated by K13.
Use of GLuc PCA to study K13-NEMO interaction. We next developed a protein complementation assay (PCA) to measure the K13-NEMO interaction. A PCA involves the use of rationally dissected reporter proteins and provides an extremely versatile plat- (27, 28) . In this strategy, the cDNA encoding a reporter protein is split into two parts and the end of each reporter cDNA fragment is separately fused in frame to two test proteins that are suspected to interact (27, 28) . The two cDNA fusion expression cassettes are coexpressed in cells.
In case the two test proteins interact, the fragments of the reporter protein are brought together and spontaneously refold into the native structure, generating a measurable signal (27, 28) . To study the interaction between K13 and NEMO, we took advantage of a PCA based on the humanized Gaussia luciferase (hGLuc) protein (27) . We fused NEMO and K13 cDNAs in frame to the NH 2 -and COOH-terminal fragments of hGLuc to make the constructs NEMO-hGLuc [1] and K13-hGLuc [2] , respectively ( Fig. 2A) . The two constructs were transfected into 293T cells either individually or in combination, and reconstitution of hGLuc activity in the cell lysates was determined at approximately 48 h posttransfection. As a positive control, we analyzed the reconstitution of hGLuc activity by fusing its two fragments to the GCN4 leucine zipper (LZ) domain. As shown in Fig. 2B , while expression of NEMOhGLuc [1] and K13-hGLuc [2] alone did not result in significant luciferase activity, coexpression of the two fusion proteins resulted in an approximately 100-fold increase in luciferase activity, indicating reconstitution of hGLuc activity by physical interaction between NEMO and K13 (Fig. 2B) . However, no detectable hGLuc activity was measured in cells coexpressing LZ-hGLuc [1] with K13-hGLuc [2] , confirming that the PCA reporter fragments do not assemble spontaneously (Fig. 2B) .
We have previously shown that NEMO is essential for mediat- ing the interaction of K13 with IKK1 and IKK2 (26) . To further validate the hGLuc PCA, we used it to examine the interaction of K13 and NEMO with IKK1 and IKK2. As shown in Fig. 2C and D, we failed to observe a major increase in hGLuc activity upon coexpression of K13-hGLuc [2] with either IKK1-hGLuc [1] or IKK2-hGLuc [1] . However, coexpression of NEMO-hGLuc [2] with both IKK1-hGluc [1] and IKK2-hGLuc [1] resulted in a robust increase in hGLuc activity ( Fig. 2C and D) . Taken collectively, these results confirm our previous model that K13 does not directly interact with IKK1 and IKK2 and provide additional validation of the hGLuc PCA. Use of hGLuc PCA to map the domain of NEMO that interacts with K13. NEMO consists of two helix-loop-helix domains (HLX1 and HLX2), two coiled coil domains (CCL1 and CCL2), an LZ domain, a NEMO ubiquitin-binding (NUB) domain, a proline-rich (Pro) region, and a zinc finger (ZF) domain (24) . The crystal structure of the K13-NEMO complex has been resolved and has revealed that K13-NEMO interaction involves DED1 of K13 and the helical domain HLX2 of human NEMO comprising its amino acid residues 196 to 252 (24) . Additional modeling studies have suggested that a short segment of HLX2, consisting of residues 232 to 246, may be primarily responsible for interaction with K13 (24) . To confirm this hypothesis, we fused two different fragments of NEMO encompassing residues 1 to 246 [NEMO(1-246)] and 247 to 419 [NEMO(247-419)], respectively, to hGLuc [2] and tested the ability of the constructs to interact with K13-hGLuc[1] using hGLuc PCA. As shown in Fig. 2E , we detected strong reconstitution of hGLuc activity when K13-hGLuc [1] was coexpressed with NEMO(1-246)-hGLuc [2] but not when it was coexpressed with NEMO(247-419)-hGLuc [2] . Collectively, these results confirm the findings of the modeling studies and demonstrate the usefulness of the hGLuc PCA as a rapid and sensitive assay for studying the K13-NEMO interaction.
NEMO truncation mutant NEMO(1-251) supports K13-induced NF-B activation. In order to confirm the results of hGLuc PCA, we used retrovirus-mediated gene transfer to stably express Flag-tagged K13-ER TAM in NEMO-deficient mouse embryonic fibroblasts (NEMO Ϫ/Y MEFs). In the resulting NEMO Ϫ/Y K13-ER TAM cells, we stably expressed hemagglutinin (HA)-tagged fulllength NEMO (NEMO FL) and the NEMO mutant truncated to include only the N-terminal 251 amino acid residues [NEMO(1-251)]. As shown in Fig. 3A, NEMO(1-251) lacks the NUB, LZ, proline-rich, and ZF domains. We chose the NEMO(1-251) mutant for these experiments, as preliminary studies indicated that the NEMO(1-246) mutant was expressed at significantly reduced levels compared to the NEMO FL protein (data not shown). To confirm the results of hGLuc PCA, we next used a coimmunoprecipitation assay to study the interaction between Flag-tagged K13-ER TAM and the NEMO FL and NEMO(1-251) proteins. Flagtagged K13-ER TAM was immunoprecipitated using Flag or control antibody beads, and its interaction with the NEMO FL and NEMO(1-251) proteins was detected by Western blotting. As shown in Fig. 3B , robust and nearly equivalent amounts of the NEMO FL and NEMO(1-251) proteins coimmunoprecipitated with K13-ER TAM . K13 activates the NF-B pathway by activating the IKK complex that phosphorylates IB␣, targeting it for ubiquitination and proteasomal degradation (14) . This enables NF-B subunits, such as p65, to translocate to the nucleus, bind DNA, NF-B activation is known to protect cells against TNF-␣-induced apoptosis, and accordingly, NEMO-deficient cells are known to be highly sensitive to TNF-␣ (32). As such, to provide further proof of the inability of the NEMO(1-251) mutant to support TNF-␣-induced NF-B, we compared the survival of NEMO Ϫ/Y MEFs reconstituted with an empty vector, NEMO FL, and NEMO(1-251) following treatment with TNF-␣. Consistent with their inability to support TNF-␣-induced NF-B activation, NEMO Ϫ/Y MEFs were highly sensitive to TNF-␣-induced cell death compared to the WT MEFs (Fig. 4B and C) . Reconstitution with NEMO FL significantly increased the resistance of NEMO Ϫ/Y MEFs to TNF-␣-induced apoptosis, reflecting the protective effect of TNF-␣-induced NF-B (Fig. 4B and C) . However, consistent with its inability to support TNF-␣-induced NF-B, reconstitution with NEMO(1-251) failed to confer protection against TNF-␣-induced apoptosis (Fig. 4B and C) .
NEMO and NF-B activation are essential for the protective effect of K13 against TNF-␣-induced cell death. On the basis of its structural homology to the prodomain of caspase 8/FLICE, K13 was originally believed to act as a vFLIP and protect cells against death receptor-induced apoptosis by blocking caspase 8 activation (10-12). However, K13-induced NF-B is known to induce the expression of a number of antiapoptotic proteins, such as cellular FLICE inhibitory protein (cFLIP) and cellular inhibitor of apoptosis proteins (cIAPs) (33) (34) (35) . Therefore, it is not clear whether the protective effect of K13 against death receptor-induced apoptosis is due to its inhibition of caspase 8 activation or an indirect consequence of K13-induced NF-B activity and the resulting upregulation of antiapoptotic proteins. As NEMO(1-251) can support K13-induced NF-B but cannot support TNF-␣-induced NF-B, we used it as a molecular tool to distinguish between the above-described possibilities. For this purpose, we examined the ability of K13 to protect against TNF-␣-induced cell death in NEMO Ϫ/Y MEFs that had been reconstituted with an empty vector, NEMO FL, and NEMO(1-251). K13 failed to protect NEMO Ϫ/Y MEFs expressing an empty vector against TNF-␣-induced cell death, indicating the need for its interaction with NEMO and the resultant NF-B activation in its protective effect ( Fig. 4B and C) . On the other hand, K13 conferred significant protection against TNF-␣-induced cell death in NEMO Ϫ/Y MEFs which had been reconstituted with the NEMO(1-251) mutant, which is capable of supporting K13-induced NF-B but not TNF-␣-induced NF-B (Fig. 4B and C) . Finally, coexpression of K13 with NEMO FL, which supports both K13-and TNF-␣-induced NF-B, conferred nearly complete protection against TNF-␣-induced cell death ( Fig. 4B and C) . Taken collectively, these results demonstrate that the protective effect of K13 against TNF-␣-induced apoptosis is critically dependent on its interaction with NEMO and the resultant NF-B activation.
DISCUSSION
KSHV infection is the most common cause of malignancies among patients infected with HIV, and coinfection is a common affliction among young individuals in many parts of the world (36, 37) . The K13 protein is one of the few KSHV proteins to be expressed in latently infected Kaposi's sarcoma spindle and PEL cells and a prime candidate for playing a causative role in the pathogenesis of KSHV-associated malignancies (38, 39) . On the basis of its homology to the prodomain of FLICE/caspase 8, K13 was originally believed to primarily act as a viral FLICE inhibitory protein that protected virally infected cells against death receptor-induced apoptosis (10) (11) (12) . Subsequently, K13 was shown to be a strong activator of the NF-B pathway, and a number of its biological activities were found to be mediated through NF-B activation (15) (16) (17) (18) (19) (20) (21) (22) (23) . K13 activates the NF-B pathway by binding to the NEMO/IKK␥ subunit of the IKK complex, and we have previously shown that K13-induced NF-B activation is defective in NEMOdeficient cells (29) . However, recent studies suggest that K13 may also affect the expression of genes belonging to other signaling pathways, such as STAT and interferon (IFN) pathways (31) . Therefore, while the requirement for NEMO in the induction of NF-B-responsive genes by K13 is proven, it is not clear whether NEMO is required for modulation of all genes affected by K13 expression. In this study, we used NEMO-deficient Jurkat cells to demonstrate that NEMO is essential for modulation of almost all genes affected by K13. These results suggest that the activation of STAT/IFN-responsive genes by K13 expression observed in vascular endothelial cells could be an indirect consequence of NEMO/NF-B-induced upregulation of cytokines and chemokines, which in turn activated STAT signaling by acting in an autocrine and/or paracrine fashion. However, NEMO has also been reported to be essential for virus-induced activation of IFN regulatory factor 3 (IRF3) and IRF7 (40) . Therefore, it is also conceivable that the interaction of K13 with NEMO results in the activation of not only NF-B but also the IRF signaling pathway.
The crystal structure of the K13-NEMO complex suggested that K13-NEMO interaction involves DED1 of K13 and helical domain HLX2 of NEMO, comprising its amino acid residues 196 to 252 (24) . Consistent with the results of the crystal structure, we demonstrate that the N-terminal 1 to 251 amino acids of NEMO not only are responsible for its interaction with K13 but also are sufficient to support K13-induced NF-B activation. This region spans the IKK␣/␤ binding domain (residues 40 to 115) but lacks the cytokine/lipopolysaccharide (LPS) domain and the ubiquitinbinding domains (41) . Consistent with the lack of cytokine/LPS and ubiquitin-binding domains, the NEMO(1-251) mutant could support K13-induced NF-B activation but failed to support TNF-␣-induced NF-B activation. Collectively, these results confirm our previous findings that K13 activates NF-B via a mechanism that is not dependent on binding of linear or Lys63-linked polyubiquitin chains to NEMO and is distinct from that utilized by inflammatory cytokines (26) . However, it is important to point out that although our results demonstrate that the N-terminal 1 to 251 amino acids of NEMO are sufficient to support K13-induced NF-B activation, they do not entirely rule out a role for the Cterminal domain of NEMO in K13-induced NF-B signaling. Thus, it is conceivable that the NEMO amino acid residues beyond residue 251 also contribute to K13-induced NF-B signaling by modulating the magnitude and duration of the response or by controlling the expression of a subset of NF-B-responsive genes.
Although the NEMO fragment from amino acids 196 to 252 has been shown to be sufficient to bind to K13 (24), we did not test the ability of the corresponding NEMO mutant to support K13-induced NF-B in the present study for two reasons. First, we have previously shown that IKK␣ and IKK␤ are essential for supporting K13-induced NF-B (29) . However, since the IKK␣/␤ binding region of NEMO spans its residues 40 to 115, the mutant of NEMO consisting of residues 196 to 252 is not expected to bind to IKK␣/␤ and therefore is not expected to support K13-induced NF-B. Second, we did try to reconstitute NEMO Ϫ/Y MEFs with an HA-tagged NEMO(192-252) mutant. However, we could not detect the expression of this shorter mutant on Western blotting (data not shown) and therefore did not pursue further work with this construct.
Mutations in NEMO have been linked to the pathogenesis of a number of genetic disorders that result in immunodeficiency, ectodermal dysplasia, and susceptibility to atypical mycobacterial infections due to impaired NF-B activation (42) . A number of these mutations affect the C-terminal domains of NEMO (42), which we demonstrate are not absolutely required for NF-B activation by K13. Thus, K13-based gene therapy approaches may have utility for the treatment of patients with NEMO mutations and immunodeficiency.
At the time of its discovery, K13 was believed to act as an inhibitor of caspase 8/FLICE and protect cells against death receptor-induced apoptosis (10) (11) (12) . Consistent with this concept, ectopic expression of K13 was shown to protect HeLa cells against Fas-induced apoptosis (43) . Similarly, small interfering RNA-mediated silencing of K13 was shown to sensitize BC3 cells to Fasinduced apoptosis (20) . However, since NF-B is known to protect against death receptor-induced apoptosis by upregulating the expression of a number of antiapoptotic proteins (44), it was not clear whether the protective effect of K13 against death receptorinduced apoptosis observed in the above-described studies was due to its ability to directly inhibit caspase 8 activation or due to its activation of the NF-B pathway. In this study, we observed that K13 fails to confer any protection against TNF-␣-induced apoptosis in NEMO Ϫ/Y cells, thereby arguing against the former possibility. However, K13 was able to confer significant protection when NEMO Ϫ/Y cells were reconstituted with the NEMO(1-251) mutant, which is capable of selectively supporting K13-induced NF-B, thereby favoring the latter possibility. These results are consistent with those of our previous study in which K13 transgenic mice failed to recapitulate the phenotype observed in caspase 8-knockout mice (19) and provide further support to the notion that K13 is primarily an activator of NF-B rather than an inhibitor of caspase 8/FLICE.
